Prior studies demonstrate poor agreement among pathologists' interpretation of kidney biopsy slides. Reliability of representative images of these slides uploaded to the United Network of Organ Sharing (UNOS) web portal for clinician review has not been studied.
| INTRODUC TI ON
For the 100 000 patients on the kidney transplant waiting list, only 20% will actually receive transplants and 5% (about 22 patients every day) will die before they can receive a transplant this year. 1, 2 Despite the growing disparity between the number of kidney transplants needed versus performed, kidney discard rates nearly quadrupled between 1988 and 2009, from about 5% to 20% of procured kidneys. 3 Researchers have extensively investigated reasons for discard in hopes of closing the gap and salvaging all viable organs. 3, 4 Based on national registry data from the Organ Procurement and Transplantation Network (OPTN), the most frequently documented reason for kidney discard remains "biopsy findings."
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There is an association between procurement kidney biopsy findings and organ discard rates, but when biopsy findings are reassuring in kidneys from marginal donors, biopsies may also be associated with organ acceptance. Hence, it is important to understand the reliability of the reporting of histological findings from these biopsies generated in the organ procurement setting. 6 Azancot et al demonstrated considerable variability in pathologists' reports, with minimal agreement between less experienced pathologists and only moderate agreement among more experienced and expert pathologists. 7 Furthermore, the authors found no significant associations between donor histological findings and recipient graft function when biopsies were assessed by less experienced pathologists, but histology was significantly and independently associated with recipient graft function when reported by an experienced and expert renal pathologist. 7 Liapis et al found good reproducibility in only four out of 12 histological findings when assessed by 32 expert renal pathologists. 8 Despite the variability in biopsy slide interpretations, the reading pathologists may decide which sections to highlight by taking representative images of the biopsy slide. These images are available for review in the United Network of Organ Sharing (UNOS) web-accessible database. Organ procurement organizations (OPOs) upload representative photomicrographs of pathology slides for online review during organ offers, as a way for transplant centers to assess the histology for themselves or to verify elements of on-call reports.
The process of creating high-resolution digital images of histological material is gaining wide use in the field of pathology, with whole slide imaging currently being used both clinically and in research.
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In contrast to whole slide imaging, a single image may or may not be representative of the entire slide, and its interpretability may vary depending on the viewer.
The value of donor biopsy images uploaded to UNOS may also depend on the quality of pathology review. One important dimension of quality is reliability, that is, the similarity in interpretation of pathology findings between independent pathologists. It is unknown whether images uploaded to UNOS would be consistently interpreted even under optimal circumstances with experienced renal pathologists using standardized reporting methods. We hypothesized that agreement among pathologists when interpreting static images would be high. The rationale for this hypothesis was that static image interpretation is likely more reproducible as it eliminates variation induced by viewing different areas of a freely movable slide. Therefore, we aimed to evaluate the agreement across standardized histological findings in UNOS-uploaded deceased-donor procurement biopsy images between three experienced renal transplant pathologists.
| ME THODS

| Study design
One hundred kidney procurement biopsy image sets from 85 distinct deceased donors were obtained from UNOS and included in the study to evaluate inter-rater agreement. Ninety-one percent of image sets used in this study consisted of photomicrographs of frozen wedge biopsies, while 9% were needle biopsies. Donors were selected from the preexisting prospective multicenter
Deceased-Donor Cohort Study (DDS), which has been described in detail elsewhere. 10 For inclusion in the current analysis, kidney biopsies of donors had to have at least two images uploaded in the web-accessible UNOS system known as DonorNet. Out of 425 UNOS image sets available for this study, we selected all those with moderate and severe findings for glomerulosclerosis, interstitial fibrosis, and acute tubular injury as described on the UNOS and OPO biopsy reports. For the remaining image sets, we utilized random disproportionate stratified sampling, which involved dividing the image sets into two smaller strata of image sets with acute tubular injury as reported by UNOS and image sets without acute tubular injury. We then disproportionately sampled image sets from each stratum to ensure a reasonable distribution of pathology among the 100 image sets. De-identified image sets were securely distributed to three experienced academic renal pathologists with 17, 4, and 18 years of experience for pathologists 1, 2, and 3, respectively, since completion of renal pathology fellowship training at different academic institutions. The pathologists were blinded to the OPO and UNOS biopsy reports and to each other's findings. Pathologists 1 and 2 were from the same institution, and the third pathologist was from a separate institution.
Representative images are shown in Figure 1 
| Statistical analysis
Baseline characteristics are presented as mean ± standard deviation if continuous and as frequencies (%) if categorical. Kappa was used to evaluate rater agreement not due to chance. More specifically, we used weighted Cohen's kappa statistic to assess intra-rater agreement as well as pairwise inter-rater agreement between two pathologists at a time, and we used Fleiss kappa to assess inter-rater agreement among all three pathologists. 11 Given the ordinal nature of the data, a weighted kappa was used to account for the degree of disagreement. 12 As such, two-level disagreements were weighted as a higher degree of disagreement compared to one-level disagree- 14 An acceptable kappa statistic is usually ≥0.60, which corresponds with moderate or higher agreement.
14 For all histological characteristics, we combined moderate and severe terms to generate three categories of none, mild, and greater than mild (ie, moderate or severe) because <5% of scores were moderate and <5% of scores were severe. Indeterminate and missing data (<5% of scores) were excluded from the analysis. For glomerulosclerosis, 1%-20% and >20% were the two categories used to calculate kappa among the three pathologists, as the cutoff of >20% has been shown to be associated with discard. We also calculated the overall kappa among the three pathologists when histological findings were scored as only two categories of none/mild and moderate/severe.
Inference testing for the kappa statistic was done using the Z-test.
P-values < 0.05 were considered statistically significant. With 100 image sets, the study had sufficient statistical power of at least 85% to detect mild agreement between two pathologists (kappa of at least 0.55 with a null hypothesis of 0.30). 15 For each histological finding, we reported overall Fleiss kappa and pairwise percent agreement.
To evaluate whether the presence of UNOS images affected clinical decision-making as compared to biopsies without images,
we assessed the distribution of discarded kidneys, and cold ischemia time (hours) between kidneys with biopsies without UNOS images (n = 1326) and kidneys with biopsies plus UNOS images (n = 425). Inference testing was done using the Z-test for the dichotomous outcome of discarded kidneys. For the continuous outcome of cold ischemia time (hours), we used Wilcoxon signed-rank test.
F I G U R E 1 This figure represents two sets of images from different donors that were given to pathologists for intra-and inter-rater agreement analysis. Figure A shows an image of a core needle biopsy, while figure B shows an image of a frozen wedge biopsy
| RE SULTS
Baseline characteristics of all donors are shown in Figure 2 . Agreement across the eight histological characteristics is described below:
| Acute tubular injury
When initially assessed using whole slides, 40% had moderate acute tubular injury based on OPO biopsy reports as shown in Table 2 .
Review of image sets by study pathologists revealed a range of scores from 5% to 40% as having moderate acute tubular injury depending on the interpreting pathologist.
Overall, the pathologists had no agreement in regard to acute tubular injury (weighted Cohen's kappa was 0.12, 0.14, and 0. Figure 2 and Table 3 .
| Glomerulosclerosis
Global glomerulosclerosis >20% was noted in 20% of OPO biopsy reports of whole kidney slides as shown in Table 2 Figure 2 and Table 3 .
| Interstitial fibrosis
Organ procurement organization whole slide biopsy reports noted interstitial fibrosis >25% in 11% of reports as shown in Figure 2 and Table 3 .
| Interstitial inflammation
Interstitial inflammation > 25% was assessed by the pathologists in 2% to 15% of the image sets as shown in Figure 2 and Table 3 .
| Arteriolar hyalinosis
The majority of image sets were found to have no arteriolar hyalinosis based on the pathologists' scoring as shown in Figure 2 and Table 3 .
| Tubular atrophy
Tubular atrophy > 25% was noted by the pathologists in 6% to 12% of the image sets as shown in Figure 2 and Table 3 .
| Arterial intimal fibrosis
Arterial intimal fibrosis > 25% was noted by the pathologists in 3%
to 8% of the image sets as shown in Figure 2 and Table 3 .
| Glomeruli thrombi
The pathologists scored 90% to 95% of image sets as "none" with regard to thrombi within glomeruli as shown in Table 2 , and overall Figure 2 and Table 3 .
| Clinical outcomes and kidney biopsies
Forty percent of donor kidneys were discarded. Fleiss kappa statistics for the three pathologists when assessing image sets of discarded kidneys are shown in Table S2 . Among statistically significant kappa coefficients for discarded kidneys, agreement was similar (<0.10 difference in kappa coefficients) between discarded kidneys and the entire 100 image sets except for glomeruli thrombi and arterial intimal fibrosis, which had less agreement among discarded kidneys.
When we evaluated the distribution of discarded kidneys and cold ischemia time between kidneys with biopsies plus images (n = 425) and kidneys with biopsies alone (n = 1326), there was no OPO, organ procurement organization All categorical values are presented as frequencies n (%). a OPO readings are based on whole slide review, whereas pathologists' readings are based on biopsy images. b Percentages are calculated from the total number of images with identified arteries. For pathologist 1 n = 54, pathologist 2 n = 63, and pathologist 3 n = 86.
Lastly, we assessed overall kappa among the three pathologists when the histological findings were scored as two categories of none/mild and moderate/severe as shown in Table S3 . There were no significant changes in kappa values as compared to the 3-level categories except for arterial hyalinosis with reduction in agreement (P = 0.015) and interstitial fibrosis with improvement in agreement (P = 0.028).
| D ISCUSS I ON
In this study of UNOS-uploaded deceased-donor photomicrographs of procurement kidney biopsies, we identified minimal to moderate inter-rater agreement among three experienced renal transplant pathologists using a standardized evaluation form with defined histological categories. The selection process for the 100 image sets was based on histological findings that have been identified in the literature to affect clinical decisions and discard rates. 16, 17 Out of the eight histological findings assessed, global glomerulosclerosis had the highest inter-rater reliability but still had only mild to moderate agreement. Given the variability in interpreting these image sets, the field should consider investing in efforts to optimize the quality of biopsy specimens and the display of these specimens via photomicrographs to improve reliability across readers.
While other studies have identified pathologist experience and lack of standardized reporting as possible reasons for poor inter-rater agreement when utilizing physical biopsy slides, 7,18 we attempted to account for these factors in this novel evaluation of clinical biopsy images via a panel of experienced renal transplant pathologists using standardized evaluation forms. This is, in fact, the first study to evaluate biopsy images uploaded to the UNOS database and available for review by transplant centers during organ allocation offers. Nonetheless, we noted only minimal to mild agreement for the histological findings in images among the pathologists. 22 Image quality could have also been poor and limited the interpretation of some of the histological findings. All of the images used in this study were hematoxylin and eosin stained and hence could have limited the interpretation of findings such as fibrosis, which require special staining to be accurately described.
In addition to low-quality images and staining, many other factors affect the quality of biopsy specimens, which in turn would impact the quality of the photomicrographs uploaded in UNOS. The thickness of the specimen, the quality of staining, and presence of artifacts secondary to freezing are just some of the factors that impact specimen quality. If biopsy processing improves then photomicrographs of these biopsies may also improve and lead to more accurate interpretations by experienced pathologists as well as clinicians reviewing these images. Given that interpretations of histological findings on biopsies can be associated with both kidney discard and organ acceptance, addressing the quality of specimen processing is crucial. Images taken from good quality specimens may enhance and build on the knowledge gained from a biopsy interpretation alone. An image may also aid physicians in further assessing the severity of findings since visualizing a photomicrograph can clarify if "moderate" is closer to 26% or 50% in severity.
Although low-quality images of standard specimen processing in our study did not appear to influence decisions regarding kidney discard, they did have significantly longer cold ischemia time compared to biopsies without images. As there are no guidelines for obtaining photomicrographs from procurement kidney biopsies, it is difficult to ascertain why biopsies with photomicrographs had significantly longer cold ischemia time compared to biopsies without photomicrographs. However, we can postulate that kidneys with significant histological findings that prompt the pathologist to obtain photomicrographs will also have longer cold ischemia time likely due to an instinctive reluctance to accept kidneys with abnormal histology. Higher-quality images of better processed kidney specimens may further impact clinical decisions posttransplantation as they are used routinely in recipient protocol and forcause biopsies.
Another limitation in our study is that two pathologists were from the same institution, which may have led to additional overestimation of agreement. As a result, we believed it was important to recruit the third expert pathologist from a different institution to account for some degree of variability in renal pathology practices between institutions.
There are also statistical limitations regarding the use of kappa.
The kappa statistic is most useful for testing agreement for binary outcomes that are not due to chance, and most histological findings were scored on an ordinal scale. To accommodate for ordinal histological definitions, we used weighted Cohen's kappa when appropriate. Also, kappa is influenced by trait prevalence. 23 Thus, the generalizability of our results would be limited if the distributions of histological findings in our cohort do not resemble that of the general population of deceased-donor kidney biopsies.
In conclusion, we found moderate to almost perfect intrarater agreement but minimal to moderate inter-rater agreement among the three expert pathologists for important histopathological findings on clinical photomicrographs of procurement kidney biopsies. These results raise concerns about the reliability of uploaded biopsy images, and it may be that replacing static images with whole slide imaging would increase the clinical value of donor biopsy. Pending future studies to assess how uploaded biopsy images are used clinically, the field may consider seeking higher-quality standards for biopsy processing and display via photomicrographs.
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